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(57) ABSTRACT 

The invention concerns a method and a system for three 
dimensional reconstruction of an image representing the 
surface contours of at least an object (1), from at least a 
two-dimensional vieW of said object obtained by X-ray, 
Which consists in: determining the position of the photo 
graphing source (7) in a reference repository; selecting a 
prede?ned model constituting a mean form of the object, and 
repeating the process until the contours of the model are 
such that the variations betWeen the overhead projection 
rays of the contours of the two-dimensional image from the 
source and the model surface are minimal; selecting an 
orientation and a position for the model in the reference 
repository; then selecting a deformation of the model to 
modify its contours in three dimensions. 

10 Claims, 3 Drawing Sheets 
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THREE-DIMENSIONAL STATISTIC 
RECONSTRUCTION OF SURFACES 

This application is ?led under 35 U.S.C. § 371 and claims 
priority rights under 35 U.S.C. §§ 119 and 365 from Inter 
national application number PCT/FR00/ 02546, ?led on Sep. 
14, 2000, and from French application 99/ 11848, ?led on 
Sep. 17, 1999, the entire disclosures of Which are hereby 
incorporated by reference. 

The present invention relates to the restoring of three 
dimensional images and, more speci?cally, to the restoring 
of the surface contours of an image based on tWo-dimen 
sional vieWs, even incomplete. 
An example of application of the present invention is the 

restoring of images representing bone elements from tWo 
dimensional images taken, for example, With X-rays. Such 
images may be used, for example, to simulate a surgical 
intervention by enabling the practitioner to pre-visualiZe the 
respective positions of the bones at the level of a joint, for 
example, in case of a ligamentary plastic surgery or of the 
placing of a prosthesis. 

Currently, to enable a practitioner to visualiZe a three 
dimensional image based on tWo-dimensional images, an 
X-ray scanner performing tomographies must be used. 
Based on the tomographies, a three-dimensional image can 
be restored. The involved technology may be a so-called 
three-dimensional tomography technology in Which a large 
number of vieWs (on the order of 200) are taken by means 
of an X-ray scanner according to different positions, and the 
bone contours are then restored by image processing based 
on these scanner vieWs. It may otherWise be a so-called 
two-dimensional tomography technology in Which a large 
number of cross-sections are taken by means of an X-ray 
scanner at right angles to the bone. The shape and structure 
of the bone can then be restored. 

The scanner technique provides good results but has a 
heavy and expensive implementation. Indeed, the use of a 
scanner enables obtaining a set of tWo-dimensional images 
providing information not only about the contour, but also 
about the inside of the bone. NoW, in many applications, 
only the knoWledge of the surface contour of the bone or of 
the object is necessary. 

Another example of application of the present invention is 
the restoring of incomplete bones, for example, in archeol 
ogy. Athree-dimensional image restoring may enable almost 
perfectly ?nding the original bone shape, even if said bone 
is incompletely discovered. In such an application, problems 
similar to those discussed hereabove in relation With the 
simulation of surgical interventions are posed. In particular, 
it is often useful to knoW the shape of the bone Without 
having to consider its internal structure. 

Another disadvantage of knoWn techniques is that they 
impose a high radiation dose for the patient, Which is not 
desirable. If this disadvantage is less signi?cant in the ?eld 
of archeology, Where cost is the main parameter, it is 
particularly disturbing in the simulation of surgical inter 
ventions. 

The present invention more speci?cally applies to the 
restoring of images relating to identi?ed objects, that is, the 
general shape of Which is knoWn in advance. For example, 
for a bone, Which bone is involved must previously be 
decided. 

The present invention aims at providing a novel method 
for restoring three-dimensional images, Which overcomes 
the disadvantages of knoWn techniques. The present inven 
tion aims, in particular, at providing a solution Which does 
not require the expensive use of an X-ray scanner. 
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2 
The present invention also aims at providing a solution 

Which is compatible With a minimum exposure to X-rays or 
the like. 
The present invention further aims at minimiZing the 

number of tWo-dimensional vieWs necessary to restore the 
three-dimensional image. 

To achieve these objects, the present invention provides a 
method for restoring a three-dimensional image representing 
the surface contours of at least one object, based on at least 
one tWo-dimensional X-ray vieW of this object, character 
iZed in that it consists of: 

determining the position of the shooting source in a 
reference referential system; 

selecting a prede?ned model forming an average shape of 
the object; and 

iteratively, until the contours of the model are such that 
the intervals betWeen back-projection rays of the image 
contours in tWo dimensions from the source and the model 
surface are minimum: 

selecting an orientation and a position of the model in the 
reference referential system, then 

selecting a deformation of the model to modify its con 
tours in three dimensions. 

According to an embodiment of the present invention, the 
model is obtained based on an object population for Which 
the statistical correspondence common to all objects is 
searched to determine an average shape and the main 
deformations With respect to this average shape, to have at 
least one statistical model. 

According to an embodiment of the present invention, the 
iterative selection steps consist of submitting the statistical 
model, successively, to a rigid transformation modifying its 
position and/ or its orientation and to a non-rigid deformation 
modifying its surface contours. 

According to an embodiment of the present invention, the 
image contours in tWo dimensions are automatically 
obtained by projecting the model in the image plane in tWo 
dimensions, and by deforming the projected contours to 
have them coincide With the points of strong grey level 
gradient of the tWo-dimensional image. 

According to an embodiment of the present invention, the 
automatic determination of the image contours in tWo 
dimensions is performed iteratively, each iteration being 
interposed betWeen tWo successive iterations of the selection 
steps. 
According to an embodiment of the present invention, 

three-dimensional coordinates of points of the object are 
determined in the reference referential system, to have 
additional reference points for the iterative position, orien 
tation, and deformation selection steps. 

According to an embodiment of the present invention, 
several tWo-dimensional images, for Which the respective 
positions of the shooting source are all determined in the 
reference referential system, are used, and the iterative 
selection steps are performed While taking account of the 
back-projection rays of the contours of all the tWo-dimen 
sional images. 
According to an embodiment of the present invention, the 

number of used images is a function of the desired accuracy. 
According to an embodiment of the present invention, the 

model surface is formed of triangle elements, said intervals 
being measured With respect to points of given edges 
forming generators of the three-dimensional contour. 

According to an embodiment of the present invention, the 
method is applied to the restoring of the surface contours of 
several objects linked together by rigid and/or resilient 
transformation relations. 
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According to an embodiment of the present invention, the 
method is applied to the restoring of bone images. 

The present invention also relates to an image processing 
system, including means for implementing the three-dimen 
sional image restoring method. 

These and other objects, features and advantages of the 
present invention Will be discussed in detail in the folloWing 
non-limiting description of speci?c embodiments in connec 
tion With the accompanying draWings, in Which: 

FIG. 1 shoWs an embodiment of a system of three 
dimensional image restoring based on a tWo-dimensional 
shooting device according to the present invention; 

FIG. 2A illustrates the taking of a tWo-dimensional vieW 
to implement the three-dimensional image restoring method 
according to the present invention; 

FIG. 2B illustrates the taking of three tWo-dimensional 
vieWs to implement the restoring method according to the 
present invention; 

FIGS. 3A, 3B, and 3C illustrate three characteristic steps 
of the method according to an embodiment of the present 
invention; 

FIG. 4 illustrates a mode of contour generator determi 
nation according to the present invention; and 

FIG. 5 illustrates a preferred mode of determination 
according to the present invention of the interval betWeen a 
three-dimensional model and a tWo-dimensional vieW. 

The same elements have been referred to With the same 
references in the different draWings. For clarity, only those 
elements of the supply system Which are necessary to the 
understanding of the present invention have been shoWn in 
the draWings and Will be described hereafter. In particular, 
the image processing means including the computer have 
not been shoWn and Will not be described in detail, since 
their implementation is Within the abilities of those skilled in 
the art based on the functional indications given hereafter. 
A feature of the present invention is to search the position 

and the orientation of an object to be restored, at least one 
tWo-dimensional vieW of Which is knoWn, based on a 
database containing models of this object. When several 
tWo-dimensional vieWs are used, these vieWs are all refer 
enced in a same referential system. Thus, the present inven 
tion relates to the restoring of an image representing an 
already identi?ed object, of Which models of different siZe 
and/or shape may be available. 
A feature of a preferred embodiment of the present 

invention is to use at least one deformable statistical model, 
established based on the database, to restore the three 
dimensional shape of the object. Thus, the present invention 
provides de?ning, before any restoring, a database contain 
ing three-dimensional models of the object to be restored or, 
preferably, one or several deformable statistical models 
based on this database. 

FIG. 1 shoWs a simpli?ed vieW of a three-dimensional 
image restoring system according to an embodiment of the 
present invention. The example of FIG. 1 relates to the 
restoring of image 1 of a bone based on tWo-dimensional 
radiographies. In FIG. 1, the body of a patient p, the leg of 
Whom contains bone 1 Which is desired to be visualiZed, has 
been shoWn. The leg of patient p (and thus bone 1) is, for 
example, laid on a table 2. A support 3 supports a three 
dimensional localiZation device 4 Which may be an optical, 
magnetic, mechanical, or ultrasound device, and Which 
locates the position and orientation of multiple sensors 
transmitters formed, for example, of infrared diodes, of 
re?ectors, of magnetic, ultrasound transmitters, etc. Such a 
localiZer is perfectly Well knoWn and Will not be detailed any 
further. It should only be noted that, to guarantee a correct 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
localiZation of the patient (of bone 1), he is generally also 
equipped With a sensor-transmitter 18 detectable by localiZer 
4. Indeed, according to the present invention, all vieWs must 
be exploitable in a same (reference) referential system, 
Which is associated With the object being restored. 

Several sensors-transmitters may be attached on the radi 
ology system, close to source 7 (sensor-transmitter 19) or 
close to an image detector 9 (sensor-transmitter 5), to locate 
the position of the radiology system With respect to the 
reference referential system of sensor-transmitter 18. 

In some cases, sensors-transmitters 5 and 19 are di?icult 
to locate due to their remoteness or to the presence of 
parasitic objects in the measurement ?eld of localiZer 4. In 
this case, a sensor-transmitter 20 may be installed on table 
2 in the measurement ?eld of localiZer 4. The radiological 
system is then positioned in good measurement conditions 
and the positions of sensors-transmitters 5 and 19 are located 
With respect to sensor-transmitter 20 once and for all (this 
step is only reneWed if the entire radiology system is 
moved). 
The radiological system being equipped With angular 

coders on its axes, as Will be detailed hereafter, the changes 
of relative position of the radiological system are measured 
by means of these coders and can thus be plotted in the 
referential system of sensor-transmitter 20. For each shoot 
ing, the geometric relation betWeen sensors-transmitters 20 
and 18 is measured and, by this means, the position of the 
radiological system is plotted in the reference referential 
system of sensor-transmitter 18. Thus, all radiographies are 
calibrated in the referential system of sensor-transmitter 18, 
Which may be mobile. 

Device 6 is, for example, formed of an X-ray source 7 
supported by a ?rst end of an arm 8 in a half-circle, the other 
end of Which is intended to receive impression ?lm 9 of the 
radiography, or an equivalent electronic sensor such as a 
brightness ampli?er, or a ?at amorphous silicon detector. 
The relation betWeen arm 8 and table 2 is such that the latter 
is located betWeen source 7 and sensor 9. Arm 8 is rotatably 
assembled around an axis 10, motoriZed or hand-moved, and 
supported by a support 11. The tWo-dimensional shooting 
assembly can thus rotate around bone 1 to perform the 
desired number of radiographies thereof. If necessary, opti 
cal localiZer 4 may be associated With a device of angular 
coding of the position of axis 10. 
The assembly is driven by a computer system, for 

example, a computer 12 associated, preferably, With a visu 
aliZation screen 13. In FIG. 1, the computer buses for 
exchanging electric control and data signals betWeen com 
puter 12 and, respectively, localiZer 4, source 7, the motor or 
the optional coder of axis 10, and sensor 9 have been 
symboliZed by single-Wire connections 14, 15, 16, and 17. 

FIGS. 2A and 2B illustrate tWo shooting modes according 
to tWo embodiments of the present invention. In FIGS. 2A 
and 2B, the tWo-dimensional vieWs have been represented 
by the respective planes in Which they are taken, that is, by 
the shape of the surface of sensor 9 (FIG. 1) in the shootings. 
This corresponds to the tWo-dimensional radiographic 
images recovered by the computer system. 

FIG. 2A shoWs the case of a single shooting in a plane P1, 
providing an image I1 of bone 1. The position of source 7 
has been symboliZed by a point Where back-projection rays 
r from the four corners of plane P1 converge. 

FIG. 2B shoWs the case of a triple shooting in planes P1, 
P2, and P3, providing three images 11, 12, and 13 in tWo 
dimensions of bone 1. In FIG. 2B, the source position is not 
constant, it being different for each shooting. HoWever, due 
to localiZer 4, all source positions are knoWn in the reference 
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referential system. For clarity, only rays r1 from the four 
corners of plane P1 in the position of image I1 have been 
shoWn. 

It should be noted that the shooting source may be 
submitted, betWeen tWo tWo-dimensional images, to 
motions other than in a same plane as illustrated in FIGS. 1 
and 2B. In other Words, arm 8 of shooting system 6 may 
have more than tWo degrees of liberty, each of Which may 
be provided With an angular coding device. According to a 
preferred embodiment, arm 8 is assembled on tWo horizontal 
and vertical rotation axes and one vertical translation axis. 

It should also be noted that the tWo-dimensional images 
may be only partial. For example, in the application to 
radiographies, said radiographies may be interpreted by the 
operator to validate the contours of the tWo-dimensional 
vieWs to be taken into account for the restoring. Such an 
interpretation is not disturbing due to the small number of 
tWo-dimensional vieWs necessary according to the present 
invention (generally, less than ten). The validation of the 
contours in the computer system may be performed, for 
example, by means of a mouse, of a lightpen, of a tactile 
screen, or the like, conventionally for a contour recording on 
a grey level image. 

According to another preferred embodiment, the determi 
nation of the contours on the radiographic images is auto 
mated by implementing a so-called tWo-dimensional adjust 
ment method. Such a method consists of automatically 
determining the contour by analyZing the strongest grey 
level gradients. This method is described, for example, in 
Gelu Ionescu’s thesis, publicly disclosed on Dec. 4, 1998, at 
the Joseph Fourier University, Grenoble (France), and 
entitled “Segmentation et recalage d’images echographiques 
par utilisation de connaissances physiologiques et mor 
phologiques”. According to the present invention, this tWo 
dimensional adjustment method is implemented in combi 
nation With a projection, on the tWo-dimensional image, of 
the deformable statistical model of the object of Which the 
surface contours are desired to be restored in three dimen 
sions. An iterative analysis of a projected contour of the 
model on the tWo-dimensional image is performed until 
obtaining, after several runs (for example, from 3 to 10), an 
identity betWeen the contour of the projected model Which 
Will be described hereafter, and the orientation and the 
deformation of Which Will have been adapted by the method 
of the present invention, and the contour determined by 
analysis of the strongest grey level gradients. This combi 
nation Will be better understood hereafter in relation With 
FIG. 5. 

To simplify the present description, it Will be considered 
hereafter that the contours of the tWo-dimensional vieWs are 
knoWn. In practice, the steps of the method of the present 
invention Will be performed in a loop, including the tWo 
dimensional adjustment, until a satisfactory result is 
obtained. 

According to the present invention, once the tWo-dimen 
sional vieW(s) have been obtained, the shape and siZe of the 
three-dimensional object (here, the bone) remain to be 
determined by matching search in the database. 

For this purpose, the present invention provides searching 
for the model for Which the distances separating the contours 
of each tWo-dimensional vieW and the model surface are 
minimum. 

In the preferred embodiment Where a deformable statis 
tical model (thus de?ning a model family) of the object to be 
restored is used, it is desired to come as close as possible, by 
iterative deformation of this model, to the shape having 
contours such that, as Will be seen hereafter in relation With 
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6 
FIG. 5, the back-projection rays crossing on the points of the 
tWo-dimensional image contour from the source (or from 
their respective sources) are all tangential to the model 
surface, it being understood that the different tWo-dimen 
sional contours are locatable in the reference referential 
system. 
The implementation of the actual deformable statistical 

model is no object of the present invention and is perfectly 
conventional. It should only be reminded that the imple 
mentation of such a model generally uses a search for an 
average shape of a population of objects of same type (for 
example, femurs) forming the database, folloWed by a main 
component analysis to determine the main (essential) defor 
mations to be applied to the average shape and thus obtain 
the statistical model. 
A method for determining a statistical model from a 

sample family is described, for example, in article “Building 
a Complete Surface Model from Sparse Data Using Statis 
tical Shape Models: Application to Computer Assisted Knee 
Surgery” by Markus Fleute and Stéphane Lavallée, pub 
lished in MEDICAL IMAGE COMPUTING AND COM 
PUTER-ASSISTED INTERVENTIONiMICCAI’98, 
Springer-Verlag LNCS Series, pages 880*887, October 
1998, the content of Which is incorporated herein by refer 
ence. It should be noted that the accuracy of the reconstruc 
tion of the surface contours performed by the present 
invention depends on the samples used to build the database 
of the statistical model. For example, if a statistical model of 
a femur is created based on a sample population having 
normal shapes (With no pathology), normal shapes can be 
accurately restored, but the accuracy Will be limited if the 
radiographed femur has a pathological shape. However, if 
the statistical model is created based on a large population 
of samples containing both normal shapes and pathological 
shapes, normal and pathological objects may be accurately 
restored. 

According to the present invention, once tWo-dimensional 
images are available, it may be searched to Which model 
contained in the database these images are closest (for 
example, if several types of bones or if several statistical 
models of a same bone are available), after Which transfor 
mations are applied to this model to come as close as 
possible to a three-dimensional image, such that the back 
projection rays of the images to their respective sources are 
tangential to the surfaces of the three-dimensional image, 
placed on the path of these rays and to Which they are 
respectively closest. 

Preferably, the initial model at rest, that is, corresponding 
to the average shape, is submitted to a so-called rigid 
transformation, that is, only concerning its orientation and 
its shifting in space. Then, When the position for Which the 
back-projection rays all are at a minimum distance from the 
contours of the initial model has been obtained, the model is 
submitted to a non-rigid deformation, that is, Without modi 
fying its orientation, its shape is modi?ed based on the data 
contained in the statistical base by modifying the coef?cients 
of the main modes of the model, to obtain the shape having 
the closest contours to the back-projection rays. If necessary, 
the model is very approximately prepositioned by the opera 
tor With respect to the tWo-dimensional vieWs displayed on 
screen. It should be noted that the used image processing 
(computer) means are conventional in their structure and 
thus do not require being detailed. 

FIGS. 3A to 3C illustrate these tWo steps of the method of 
the present invention. FIG. 3A shoWs a three-dimensional 
vieW of a model 21 before any deformation. It is, for 
example, a statistical model of the present invention posi 
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tioned by the practitioner in an approximate orientation. 
FIG. 3B shows model 21' of FIG. 3A at the end of the 
orientation step With no shape modi?cation. FIG. 3C shoWs 
image 22 in three dimensions resulting from the implemen 
tation of the present invention, that is, corresponding to 
model 21', deformed so that the back-projection rays are 
(ideally) tangent to all its contours. 

For simpli?cation, a single group of back-projection rays 
r from a source 7 have been shoWn in FIGS. 3A to 3C and 
the projection screen of the corresponding image has not 
been shoWn. As appears from FIGS. 3A to 3C, a large 
number of rays r of FIG. 3A are not tangent to the contours 
of model 21. The number of used back-projection rays 
depends on the desired accuracy and on the characteristics of 
the statistical model, essentially, on the number of surface 
points chosen to be used as a reference in the de?nition of 
this statistical model. 
From FIG. 3A to FIG. 3B, the transformation is “rigid”, 

that is, the model is not deformed. In this transformation, 
model 21 undergoes translations and rotations to obtain 
measurements of minimum intervals betWeen each back 
projection ray starting from the image contour points and the 
surface of the object in its current position. Mathematical 
methods for searching for the minimum of the sum of the 
squares of these intervals With respect to the six parameters 
(three degrees of liberty in rotation and three degrees of 
liberty in translation) de?ning the searched rigid transfor 
mation are used for this purpose. A con?guration such as 
illustrated in FIG. 3B, in Which model 21' has a proper 
position and orientation but a still imperfect shape is 
obtained. This is Why some rays r' are not tangent but cross 
the model. 

Preferably, the position resulting from the rigid transfor 
mation (rotation, translation) is obtained by a so-called 
iterative closest point (ICP) method (algorithm). An 
example of such a method is described in article “A Method 
for Registration of 3-D Shapes”, by Paul J. Best and Neil D. 
McKay, published in IEEE TRANSACTIONS ON PAT 
TERN ANALYSIS AND MACHINE INTELLIGENCE, 
vol. 14, N°2, February 1992, the content of Which is 
incorporated herein by reference. 
From FIG. 3B to FIG. 3C, the transformation is “non 

rigid” (resilient) and consists of deforming model 21' With 
out changing its orientation until obtaining three-dimen 
sional image 22 for Which all back-projection rays r" are at 
a minimum distance from the contours (ideally tangent). 
This non-rigid transformation is performed, for example and 
according to a ?rst embodiment, by calculating the defor 
mation parameters from an algorithm knoWn as the “doWn 
hill simplex”. This algorithm has been described, for 
example, in 1965 by J. A. Nelder and R. Mead in COM 
PUTER JOURNAL, vol. 7, pages 308*313, the content of 
Which is incorporated herein by reference. 

According to a preferred embodiment of the present 
invention, the algorithm used to determine the non-rigid 
transformation of the statistical model is based on the 
Levenberg-Marquardt method. The principle of this method 
is to determine the minimum of a multidimensional non 
linear function by using the partial derivatives of the func 
tion With respect to the deformation parameters of the 
model. This method has been described, for example, in 
1963, by D. W. Marquardt in JOURNAL OF THE SOCI 
ETY FOR INDUSTRIAL AND APPLIED MATHEMAT 
ICS, vol. 11, pages 431*441, the content of Which is 
incorporated herein by reference. The function of Which the 
minimum is searched here is the sum of the squares of the 
distances betWeen a set of back-projection rays based on the 
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8 
contour points and the model surface. The parameters of this 
search for the minimum are the coef?cients Which are 
applied to each deformation mode of the statistical model, as 
discussed in above-mentioned article “Building a Complete 
Surface Model from Sparse Data Using Statistical Shape 
Models: Application to Computer Assisted nee Surgery” by 
Markus Fleute and Stéphane Lavallée. 

This method is applied and repeated at each approximated 
position until it is no longer possible to minimiZe the 
intervals. A rigid adjustment, a resilient adjustment, a rigid 
adjustment, a resilient adjustment, etc. are thus consecu 
tively performed. Once the three-dimensional shape has 
been restored, its siZe is of course also knoWn since all 
tWo-dimensional vieWs have knoWn siZes, and so is the 
position, in the reference referential system, of the model 
With respect to the sources. The number of necessary runs 
essentially depends on the number of characteristic param 
eters used to model the deformation. 

It should be noted that the order in Which the tWo above 
steps are performed is important. Indeed, if a non-rigid 
deformation is ?rst performed, a model Will be made to 
correspond to a Wrong orientation, Which Will be very 
dif?cult to recover due to the shape deformation undergone. 
HoWever, the interval minimiZation may be performed glo 
bally by taking into account the rigid parameters and the 
deformation parameters at the same time for each iteration 
of the mathematical minimiZation process. 

It should be noted that, for each iterative step of the 
method in Which the intervals betWeen the model contours 
and the back-projection rays are calculated, neW points 
entering in the measurement are determined on the model 
side and/or on the side of the projection rays. This is a 
signi?cant distinction With respect to knoWn three-dimen 
sional image restoring methods in Which the measurement 
points are the same for all iterations. 

Another feature of the present invention is that the evalu 
ations of the minimum intervals are not necessarily made 
exhaustively for all the surface elements of the model. 
Indeed, this Would sometimes lead to too expensive calcu 
lations, even if the number of surface elements can be 
minimiZed by using triangular elements. According to the 
present invention, the interval evaluations are made With 
respect to characteristic lines forming contour generators of 
the model. This minimiZes the number of measurement 
points. For example, a bone of femur type, de?ned by 
approximately 5000 triangular surface edges, is de?ned by 
approximately 300 contour generators. 

Preferably, the analysis performed by the method of the 
present invention only concerns contour generators of the 
three-dimensional image. Thus, the surface of the statistical 
model is, preferably, formed of triangular elements, some 
edges of Which de?ne generators of the contour. A contour 
generator is de?ned by the edges of the triangles Which, 
projected on a plane, de?ne the contour (internal or exter 
nal). The use of contour generators enables considerably 
reducing (for example, by at least a factor 10) the number of 
points to be searched in the model to check the correspon 
dence With the restored image. 

FIG. 4 illustrates the de?nition of a contour generator of 
a three-dimensional image (model), the surface of Which is 
formed of triangular surface elements such as described, for 
example, in article “Anatomy-based registration of ct-scan 
and intraoperative x-ray images for guiding a surgical robot” 
by A. GueZiec, published in IEEE TRANSACTIONS ON 
MEDICAL IMAGING, 17(5), pages 715*728, October 
1998, the content of Which is incorporated herein by refer 
ence. 
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FIG. 4 shows in a simpli?ed manner tWo triangles 30 and 
31 de?ning a portion of the surface of a three-dimensional 
model, the common edge of Which forms a generator 32 of 
the contour. The calculation to be performed to determine 
Whether an edge is or not a generator of the contour consists 
of calculating the respective angles 0t and [3 betWeen the 
lines perpendicular to the surfaces of triangles 30 and 31 and 
rays 33 and 34 linking the center of these surfaces to 
projection center 35 corresponding to the position of the 
X-ray source. If one of the angles is smaller than 90° While 
the other one is greater than 90°, their common edge 32 then 
is a generator of the contour. 

FIG. 5 illustrates the type of measurement performed to 
determine interval e betWeen a back-projection ray r and a 
point of a contour generator. This draWing schematically 
shoWs an image I of the object in plane P and a shape 21 of 
the statistical model placed on the path of the back-projec 
tion rays of image I to the source (not shoWn). 

For each back-projection ray r, the respective points 41 
and 40 of the back-proj ection ray and of a contour generator 
chosen from among all the generators, for Which interval e 
betWeen these points is minimum, are searched. 
An advantage of the present invention is that it enables 

much faster restoring of a three-dimensional image than 
knoWn techniques. 

Another advantage of the present invention is that it 
enables proper alignment of the model even in areas Where 
data of projection by the tWo-dimensional images are not 
available (for example, some internal curvatures). 

It should be noted that the surface contour may, if 
necessary, be re?ned by means of a mechanical, optical, or 
magnetic feeler, providing space coordinates in the same 
referential system as the tWo-dimensional images. Addi 
tional points Which can be used in the search for the 
three-dimensional image are then obtained. The feeler may 
be used, for example, to decrease the number of necessary 
tWo-dimensional vieWs by giving a three-dimensional infor 
mation. 

It should also be noted that the method of the present 
invention may apply to several three-dimensional surface 
contours forming one or several objects. For example, the 
external surface and the internal cortical surface of a bone 
can thus simultaneously be restored. The shape of several 
bones taking part in a joint and simultaneously visible on the 
radiological images (for example, the tibia and the femur, if 
the knee is considered), or the shape of several bone 
fragments of a same bone, may also be restored. The 
searched model must, in this last case, contain the rigid 
transformations betWeen each three-dimensional surface 
contour. In other cases of application to several objects, the 
different statistical models and the rigid or resilient trans 
formations betWeen them must of course be knoWn. 

Of course the present invention is likely to have various 
alterations and modi?cations Which Will occur to those 
skilled in the art. In particular, the number of tWo-dimen 
sional vieWs to be used for the restoring depends on the 
desired accuracy and on the model complexity. In some 
cases, a single tWo-dimensional vieW may be enough. Fur 
ther, although the present invention has been described in 
relation With a mobile X-ray source, said source may be 
replaced With several ?xed sources, provided that the con 
straint of obtaining tWo-dimensional images in a same 
referential system is respected. Further, the implementation 
of the present invention of course uses digital image pro 
cessing techniques, the practical implementation of Which is 
Within the abilities of those skilled in the art based on the 
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10 
functional indications given hereabove and in the publica 
tions mentioned as references. 
The invention claimed is: 
1. A method for restoring a three-dimensional image 

representing the surface contours of at least one object, 
based on at least one tWo-dimensional X-ray projection of 
this object, the method comprising the steps of: 

determining the position of the shooting source in a 
reference referential system; 

selecting at least one statistical model de?ning an average 
shape of the object and its main deformations With 
respect to this average shape, the statistical model 
being calculated from an object population of a same 
type for Which the statistical correspondence common 
to all objects is searched; and 

selecting an orientation and a position of the model in the 
reference referential system by submitting the statisti 
cal model, successively, to a rigid transformation modi 
fying its position and/or its orientation, then 

selecting a deformation of the model to modify its con 
tours in three dimensions, by submitting the statistical 
model to a non-rigid deformation modifying its surface 
contours, 

Wherein the orientation and deformation selecting steps 
are performed iteratively, until the contours of the 
model are such that the intervals betWeen back-projec 
tion rays of the image contours in tWo dimensions from 
the source and the model surface are minimum, in order 
to obtain a correspondence betWeen the model and the 
image. 

2. The method of claim 1, Wherein the image contours in 
tWo dimensions are automatically obtained by projecting the 
model in the image plane in tWo dimensions, and by 
deforming the projected contours to have them coincide With 
the points of strong gray level gradient of the tWo-dimen 
sional image. 

3. The method of claim 2, Wherein the automatic deter 
mination of the image contours in tWo dimensions is per 
formed iteratively, each iteration being interposed betWeen 
tWo successive iterations of the selection steps. 

4. The method of claim 1, further comprising the step of 
determining three-dimensional coordinates of points of the 
object in the reference referential system, to have additional 
reference points for the iterative position, orientation, and 
deformation selection steps. 

5. The method of claim 1, further comprising the steps of 
using several tWo-dimensional images for Which the respec 
tive positions of the shooting source are all determined in the 
reference referential system, and performing the iterative 
selection steps While taking account of the back-projection 
rays of the contours of all the tWo-dimensional images. 

6. The method of claim 5, Wherein the number of used 
images is a function of the desired accuracy. 

7. The method of claim 1, Wherein the model surface is 
formed of triangle elements, said intervals being measured 
With respect to points of given edges forming generators of 
the three-dimensional contour. 

8. The method of claim 1, Wherein the method is applied 
to the restoring of the surface contours of several objects 
linked together by rigid and/or resilient transformation rela 
tions. 

9. The method of claim 1, Wherein the method is applied 
to the restoring of bone images. 

10. An image processing system comprising means for 
implementing the method of claim 1. 

* * * * * 


